The evaluation of surgical corrective procedures depends to an important degree on the long-term benefits derived from the operation. Three hundred and eighty-nine of the first 500 patients with a Blalock-Taussig anastomosis for pulmonary stenosis or atresia survived 6 months or longer.
postoperative hemograms and arterial oxygen saturations is presented. The optimum age for operation, the causes of late deaths, and the incidence of bacterial endocarditis are discussed.
FIVE hundred patients were operated on for relief of pulmonary stenosis or atresial, 2 by Dr. Alfred Blalock and his associates between November 29, 1944, and September 25, 1947 . Eight-one of these patients died at or within the first 6 months of operation, and 30 patients had exploratory thoracotomies only. Thus there 389 patients among the first 500 who survived 6 months or longer after surgery. Sixty-seven of the 389 patients have been lost from follow-up. Eleven patients who survived surgery were unimproved by their first operation. In addition, there were 67 on whom a 5-year check-up was not completed at the time this study was closed. None of these patients are included. Therefore this study is concerned primarily with the 244 patients originally improved by surgery and whose present status is known. On all those living, a teleroentgenogram, at least 2 of the 3 standard measurements of the red blood cell count, and, in many instances, determination of the arterial oxygen saturation before operation and 5 to 8 years after surgery have been obtained. Most of these patients were examined by the physicians in the Cardiac Clinic of the Harriet Lane Home. For the remainder we are indebted to their personal physicians for sending us their reports.
As in a previous report,3' 4the results are classified as good or fair. A good result means that after operation the exercise tolerance is virtually normal, and the red blood cell count, hemoglobin, and hematocrit have returned to nearly normal levels. A fair result means that although the patient showed some improvement after operation, he still suffered from limitation of exercise and polycythemia.
A review of the 244 patients originally improved showed that 226 In order to evaluate further the results of operation, the changes in the size of the heart, the hemogram, and whenever possible, the arterial oxygen saturation have been studied in the 163 patients who are doing well 5 to 8 years after operation. On the basis of these findings, these patients have been divided into 3 groups.
Group Good A includes the patients whose exercise tolerance is virtually normal, and whose hearts are stationary in size, with a cardiothoracic ratio of 60 per cent or less. The hemograms are also stationary, with a maximum red blood count of 6.5 million, a maximum hemoglobin of 17 Gm., and a maximum hematocrit reading of 55 volumes per cent. To eliminate errors in technic at least 2 of these determinations were necessary to include a patient in the adequate followup group. The arterial oxygen saturation, when obtained, had to be 75 per cent or higher. Five to 8 years after operation, there were 126 patients in this group.
The criteria for group B differ from group A only in that the cardiothoracic ratio may be greater than 60 per cent, but in no instance has there been progressive cardiac enlargement. In most of these patients, the heart enlarged immediately after operation, and thereafter has shown no further increase in size. Of the 23 patients now in group B, 5 had a cardiothoracic ratio over 60 per cent prior to surgery, 8 had a The various changes in the entire group of 163 patients who are doing well have been analyzed in detail. As previously mentioned, in order to consider that we had detailed information a preoperative and postoperative teleroentgenogram was required, but only 2 of the 3 measurements of the red blood cell count were considered necessary. Consequently, the number of patients with red blood cell counts, hemoglobins, and hematocrit readings varies slightly.
The size of the heart 5 to 8 years after operation was compared with the preoperative size (table 2). The postoperative cardiothoracic ratios are graded, as recommended by the Department of Radiology, as a decrease when the ratio is more than 5 per cent lower than the preoperative figure; no change when there is a plus or minus 5 per cent change; slight increase when there is an increase of between 5 and 10 per cent; and marked increase when the increase is more than 10 per cent over the preoperative figure. An analysis of the x-ray changes based on these criteria showed that among the patients with small hearts preoperatively there was a higher incidence of postoperative cardiac enlargement than among A review of the auscultatory findings of the 163 patients who were doing well showed that in most instances a continuous murmur was present. In 146 patients a continuous murmur of varying intensity was heard. In 15 instances the examining physician failed to comment on its presence or absence. In 2 patients no continuous murmur was audible. One of these patients was extremely obese, and it was thought that the thickness of the chest wall rendered the continuous murmur inaudible. In the other there is grave doubt that the original diagnosis of a tetralogy of Fallot was correct. Broadly speaking, the presence of a continuous murmur indicates that some blood is flowing from the aorta to the lungs, but it is not a reliable index of the amount. In our experience, it may still be audible when the exercise tolerance has dropped and the hemogram has risen. Its absence, however, is usually of grave prognostic import.
Preoperative and postoperative red blood cell counts were obtained on 156 patients who maintained a good result from the initial operation. Of the 34 patients who had preoperative red blood cell counts of under 6.5 million, only 2 have subsequently shown an increase in polycythemia. Of the 58 patients with counts of 6.5 to 8 million preoperatively, only 4 remain that high. Furthermore, of the 64 patients who had preoperative counts of 8 million or more, only 6 now show polycythemia with red blood cell counts between 6.5 and 8 million. Thus, of the entire group of 156 patients only 12 have counts over 6.5 million 5 to 8 years after operation. The exact number of patients in each group before and after operation is shown in figure 1 . abscess, 1 of meningitis, and 1 of an acute infection the nature of which was unknown. In the remaining 3 the cause of death is unknown to us. Finally, it is noteworthy to find that only 2 patients of the entire group of 33 "late deaths" died of cardiac failure, and neither of these patients proved to have a tetralogy of Fallot. This finding presents strong evidence that a patient with a tetralogy of Fallot is not in danger of progressive cardiac enlargement and death from cardiac failure.
SUMMARY AND CONCLUSIONS
The 5 to 8-year follow-up on the first 500 Blalock-Taussig anastomoses shows the following figures: 81 patients died at, or within 6 months of, operation; 30 had exploratory thoracotomies only; 389 survived 6 months or longer. Sixty-seven patients have been lost to us, another 67 had not had recent or sufficiently complete check-ups at the close of the study, and 11 patients were unimproved by their first operation. There remain 244 patients who were originally improved by a Blalock-Taussig anastomosis, and on whom complete information is available; of these, 226 obtained good results and 18 obtained fair results from the first anastomosis. The good results have been maintained in 67 per cent 5 to 8 years after surgery and 7 per cent are fair; 4 per cent are no longer improved, 9 per cent of those originally improved have required and survived a second operation, and 14 per cent are known to have died between 6 months and 8 years after operation. A higher percentage of those patients in the tetralogy of Fallot group have maintained good results postoperatively than those in the group with other malformations of the heart, and the mortality rate is significantly lower in the former group. Of the 163 patients with good results who were analyzed for changes in cardiac size, changes in the hemogram, and, whenever possible, changes in the arterial oxygen saturation, it was found that 126 are excellent in all respects. Twenty-three patients from the group of 163 have considerable cardiac enlargement, which is not progressive. Fourteen patients have moderate polycythemia, which also is not progressive. In the vast majority of these patients a good continuous murmur was found. The optimum time for operation is from 8 to 12 years of age. The incidence of subacute bacterial endocarditis in the late postoperative group was 6 per cent. Of the 226 patients who originally obtained good results, 11 per cent have died, whereas of the 18 who obtained only fair results 44 per cent have died. Of the 33 patients who have died, 19 were no longer improved, 6 were losing ground, and 8 were doing well at the time of death. No patients with a tetralogy of Fallot have died from cardiac failure.
A patient with a pulmonary stenosis or atresia who has obtained a good result from a Blalock-Taussig anastomosis has a 67 per cent chance for the maintenance of that improvement 5 to 8 years after operation.
If the patient has a tetralogy of Fallot, his chance for maintenance of improvement increases to 69 per cent, whereas if he has some other malformation (tricuspid atresia or a single ventricle with pulmonary stenosis, etc.), his chance is but 50 per cent.
The late mortality rate is significantly higher for patients with other malformations than for those with a tetralogy of Fallot (30 per cent in the former group and 10 per cent in the latter group).
There is approximately a 20 per cent chance that the patient will need a second operation.
A patient with a small heart prior to operation is more likely to show cardiac enlargement after operation than a patient in whom the heart is at or above the upper limit of normal at the time of operation.
The absence of a continuous murmur usually indicates that the anastomosis is no longer functioning.
The optimum age for operation is between 8 and 12 years; 80 per cent of the patients in this age group have maintained their improvement 5 to 8 years after operation. 
